technique. The metacercariae were fed orally to a kitten through a gavage needle. The adult flukes were recovered from the kitten at day 7 post-infection (PI). For the scanning electron microscopy, the collected worms were washed twice with physiological saline and three times with 0.1 M cacodylate buffer (pH = 7.2). They were fixed with 2.5% glutaraldehyde at 4°C, and post-fixed with 1% osmium tetroxide for 2 hr at room temperature. After further washing with 0.1 M cacodylate buffer (pH 7.2), the specimens were dehydrated in a graded series of ethanol (50%, 70%, 80%, 90%, 95% and absolute), dried in an ABT (model CP-5A) critical point dryer, and mounted on stubs. They were coated with gold using an ion sputtering coater (Bio-Rad, E 5300) and observed by scanning electron microscopy (ISI DS-130C, Japan) at an accelerating voltage of 10 kV.
The body of the worms was leaf-like, ventrally concave and covered with scale-like multi-pointed tegumental spines. The ventrogenital opening was located in the anterior 1/3 rd of the body, and slightly deviated from the median line (Fig. 1) . The tegumental spines on the antero-ventral surface of the ventrogenital opening were short, but broad, with 10-12 pointed tips. The cytoplasmic processes protruded around the tegumental spines, like pockets for the spines (Fig. 2) . The ventrogenital opening was crescent, or kidney-shaped, and had protuberances with minute spines on its sur-rounding tegument; the sperm were discharged from the genital pore (Fig. 3) . The tegumental spines on the postero-ventral surface of the ventrogenital opening were long, but narrow, with 6-8 pointed tips. The cytoplasmic processes on this tegument were ridge-like, and elevated along the row of tegumental spines (Fig. 4) .
The whole dorsal surface was covered with scalelike multi-pointed tegumental spines. The spines were densely and regularly distributed over the whole dorsal surface (Fig. 5) . The tegumental spines and cytoplasmic processes on the antero-dorsal surface were similar to those on the antero-ventral surface (Figs. 6 and 7) . The tegumental spines on the posterodorsal surface were long, but narrow, with 6-8 pointed tips (Fig. 8) . The cyto-plasmic processes on this tegument were also ridge-like (Fig. 8) .
With regard to the surface ultrastructure of Acanthotrema, no previous reports have been available. The results of this study show that the tegumental ultrastructure of A. felis is generally similar to that of other heterophyids in terms of the tegumental spines and cytoplasmic processes, and in the distribution patterns of the tegumental spines. However, the tegumental surface of the ventrogenital sac, which showed protuberances with minute spines, but without sensory papillae, is suggested to be characteristic to A. felis. The multi-pointed (saw tooth-shaped) tegumental spines seem to be a common characteristic feature of the family Heterophyidae. In this study, the tegumental spines of A. felis were digitated with 9-12 and 6-8 points. Those of H. nocens were, in most cases, 12-17 pointed (Chai et al., 1992) . Similar findings have Fig. 5 . Dorsal view of a whole adult worm, where the surface is densely covered with the tegumental spines. Fig. 6 . The tegument on the antero-dorsal surface, where the spines are short, but broad, with 10-12 pointed tips. Fig. 7 . A higher magnification of a part of Fig. 6. Fig. 8 . The tegument on the postero-dorsal surface, where the spines are long, but narrow, with 6-8 pointed tips. been observed in other heterophyid flukes (Køie, 1977 (Køie, , 1992 Lee et al., 1984; Taraschewski, 1984; Fujino et al., 1989; Hong et al., 1991; Chai et al., 1992 Chai et al., , 1998 Chai et al., , 2000 Srisawangwong et al., 1997; Uga et al., 1998; Woo et al., 1998) .
The degree of digitation at the tip of the spines and its changing patterns according to the maturation of worms seem to vary by species of flukes. For the case of H. continua, the number of digitations in the tegumental spines of the anterior body increased from 10-14 to 15-17 as the worm matured from a metacercaria to the adult fluke (Hong et al., 1991) . Similar findings have been reported in other heterophyid flukes (Chai et al., 1998 (Chai et al., , 2000 . However, information on the surface ultrastructure of the metacercariae and juvenile worms of A. felis are, at present, unavailable, and the changing patterns of the tegumental spines according to the maturation of worms are unknown.
In A. felis, the digitations of the tegumental spines decreased toward the posterior end of the body. The higher digitation of tegumental spines between the oral sucker and ventrogenital opening of A. felis may be related to the abrasion of the host intestinal epithelium for their anchorage and feeding. It is generally known that the two suckers of intestinal trematodes play an important role in their protection from being expelled due to the peristalsis of the host intestines. In A. felis, however, the oral sucker is small, probably not powerful, and the ventral sucker is also small, and incorporated into a ventrogenital sac, which appears to be far from powerful for an adhesive organ.
The functions of the sensory papillae have been speculated as being those of tango-or chemoreceptors, as inferred from their shapes and positions in the body, and from the results of transmission electron microscopic studies (Morris and Threadgold, 1967) . The sensory papillae probably play an important role in the physiological and metabolic functions of the trematodes in their ecological niche. Interestingly, however, no sensory papillae were observed on the tegumental surface of A. felis. Whether this is a unique and characteristic feature among the flukes of the genus Acanthotrema should be clarified by further studies.
In conclusion, the surface ultrastructure of A. felis was generally similar to that of other heterophyid flukes (Lee et al., 1984; Hong et al., 1991; Chai et al., 1992 Chai et al., , 1998 Chai et al., , 2000 , however, some features are characteristic, and may be of taxonomic and bioecological significance.
